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BACKGROUND OF THE INVENTION 

Field of Invention 

The present invention relates to a storage system for 
storing data in a plurality of disk drives and disk 
conclusters composing the storage system. 

Description of Related Art 

I/O performance of a main memory of a computer having 
a semiconductor recording device as its recording medium is 
greater by 3 to 4 orders of magnitude than I/O performance 
of a disk subsystem (hereinafter, referred to as 

subsystem'' ) having a magnetic disk as its recording medium. 
Narrowing differences in performance, i.e. , improvement of 
the I/O performance of the subsystem, has been an attempt 
for some time. 

One way to improve the I/O performance of the 
subsystem is to include a plurality of disk drives for every 
subsystem to store data on a plurality of the disk drives. 
Such system is known as so called 'Misk array" system. 

For example, FIG. 2 shows a conventional technique, 
in which, a system include: a plurality of channel interface 



units 11 for transferring data between a host computer 3 and 
a disk controller 4; a plurality of disk interface units 16 
for transferring data between a disk drive 2 and the disk 
controller 4; and a shared memory unit 20 for storing control 
information about data on the disk drive 2 and a disk 
controller 4 (e.g., information about the data transfer 
control within the disk controller 4 and management 
information about data to be stored in the disk drive 2) . 
In such system, the shared memory unit 20 within one disk 
controller 4 is accessible from all channel interface units 
11 and disk interface units 16. 

In the disk controller 4, an interconnection 30 
connects between the channel interface units 11 and disk 
interface units and the shared memory unit 20, 

The channel interface unit 11 has an interface to 
connect with the host computer 3 and a microprocessor (not 
shown) for controlling input and output to the host computer 
3. 

The disk interface unit 16 has an interface to connect 
with the disk drive 2 and a microprocessor (not shown) for 
controlling input and output to the disk drive 2. The disk 
interface unit 16 also performs a RAID function. 

With a spread of the Internet and the like, business 
firms handles more and more data, and at a data center or 



the like; '-rtr' becomes necessary to store an amount of data 
greater than one disk controller can deal with. 

In order to deal with such a situation, a plurality 
of disk controllers 4 are used as shown in FIG. 2, and the 
interface to the host computer 3 thereof is connected to the 
host computer 3 via an SAN switch 5 . 

As the amount of data increases, a number of disk 
controllers 4 connecting to the SAN switch 5 increase. As 
a result, management of an entire system including the host 
computer 3 and the SAN switch 5 (the system is hereinafter 
referred to as a storage area network (SAN) ) becomes more 
complicated . 

The following process deals with the problem. First, 
an SAN appliance 6 is connected to the SAN switch 5. The SAN 
appliance 6 performs a directory service of data managed by 
all the disk controllers 4 connected to the SAN switch 5, 
so that a plurality of the disk controllers 4 appear to be 
one storage system with respect to the host computer 3. That 
is, a storage areas provided by individual disk controller 
4 appear as one large storage area, and a required amount 
thereof is allocated to the host computer 3. 

Big businesses such as banks, securities firms, and 
telecommunication companies tend to reduce costs required 
for operation, maintenance and management of a computer 
system and storage system by centralizing computers and 



storages distributed to different places in a data center 
' or the like. 

With such a trend, there is a demand for a large 
scale/high-end disk controller with a support 
(connectivity) of a channel interface for connecting with 
hundreds of host computers as well as a support for recording 
capacity exceeding hundreds of terabytes. 

On the other hand, with expansion of an open market 
in recent years and spread of the storage area network (SAN) , 
there is an increasing demand for a small-scale (compact) 
disk controller of rich function and high reliability 
equivalent to the large-scale/high-end disk controller. 

To fulfill the former demand, a plurality of 
conventional large-scale/high-end disk controllers can be 
connected to form a super huge storage system. 

For the latter demand, a smallest model of a 
conventional large-scale/high/end disk controller may form 
a device with a smaller rack used therefore. 

Also, by connecting a plurality of the devices in 
smaller racks may provide a storage system for supporting 
a mid-sized or huge configuration, which is supported by the 
conventional disk controller. 

As described above, there is an increasing need for 
a system with a scalability that can support a variety of 
configuration ranging from small-scaled to an ultra-huge 



with the same architecture with rich function and high 
reliability. To meet the need, there is a need for a storage 
system that can operate as one system by clustering a 
plurality of disk controllers. 

In the conventional technique shown in FIG. 2, a 
plurality of disk controllers 4 are connected with the host 
computer 3 through the SAN switch 5 , whereby the SAN 
appliance 6 makes the plurality of the disk controller 4 look 
as one storage system with respect to the host computer 3 . 

However, a software run on the SAN appliance 6 
operates the plurality of the disk controllers 4 as one 
system, whereby reliability and availability gets lowered 
compared to a conventional single large-scale disk 
controller . 

Moreover, the disk controller 4 with data requested 
from the host computer 3 is searched on the SAN appliance 
6, whereby its performance is deteriorated. 

An object of the present invention is to provide a 
storage system of a configuration with a scalability that 
can deal with configurations of wide range of sizes from 
small-scaled to ultra-huge scale with the same architecture 
of rich function and high reliability. 

Specifically, the object of the present invention is 
to provide a high-performance and high reliability system 
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used for a storage system using a plurality of disk 



controllers as single system. 



SUMMARY OF THE INVENTION 
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To achieve the above described object, the present 
invention provides storage system, comprising: one or a 
plurality of channel interface units having an interface 
with a host computer; one or a plurality of disk interface 
unit having an interface with a disk drive; a local shared 
memory unit for storing control information about data to 
be read and written to the disk drive and transfer of said 
data and management information of the disk drive; a 
plurality of disk control cluster performing read/write of 
data with the channel interface unit transferring data 
between the interface of the host computer and the local 
shared memory unit corresponding to read/write request of 
data from the host computer, and with the disk interface unit 
transferring the data between the local shared memory unit 
and the disk drive; and a global shared memory unit for 
storing management information of disk control cluster, in 
which, the disk control cluster and another dick control 
cluster is connected by interconnection, and the 
interconnection connects to the global shared memory unit. 



Moreover, it is achieved by a storage system in which 
a connection portion for connecting the channel interface 
unit and the disk interface unit and the local shared memory 
unit in each of the disk control cluster connects to the 
connecting portion of another disk control cluster via the 
interconnection . 

It is also achieved by a storage system in which the 
channel interface unit and the disk interface unit in the 
disk control cluster directly connects to the local shared 
memory unit in the disk control cluster, and the local shared 
memory unit in each of the disk control cluster and the local 
shared memory unit in another disk control cluster are 
connected via the interconnection. 

It is also achieved by a storage system in which the 
channel interface unit and the disk interface unit in each 
of the disk control cluster directly connects to the local 
shared memory unit in the disk control cluster, and 
connecting portion of the channel interface unit and the 
disk interface unit in each of the disk control cluster is 
connected with the connecting portion in another disk 
control cluster via the interconnection. 

Moreover, the above object can be achieved by a 
storage system, comprising: one or a plurality of channel 
interface unit having an interface to a host computer, one 
or a plurality of disk interface unit having an interface 



to a disk drive, a plurality of disk control cluster having 
connection portion for connecting said one or plurality of 
the channel interface unit to said one or plurality of the 
disk interface unit, and a global shared memory unit for 
storing data to be read from and written to the disk drive 
and control information about transferring of said data, 
management information of the disk drive, management 
information of the disk control cluster, in which connecting 
portion in the disk control cluster and the connecting 
portion in another disk control cluster are connected with 
each other via an interconnection, and the interconnection 
connects to the global shared memory unit. 

Furthermore, the above-described object is achieved 
by providing a storage system, comprising: one or a 
plurality of channel interface units having an interface 
with a host computer; one or a plurality of disk interface 
unit having an interface with a disk drive; a local shared 
memory unit having a first memory for storing data to be read 
from and written to the disk drive and a second memory for 
storing control information about data transfer between the 
channel interface unit and the disk interface unit and the 
first memory, and management information of the disk drive; 
a plurality of disk control cluster performing read/write 
of data with the channel interface unit transferring data 
between the interface of the host computer and the first 



memory in the local shared memory unit corresponding to 
read/write request of data from the host computer, and with 
the disk interface unit transferring the data between the 
first memory in the local shared memory unit and the disk 
drive; and a global shared memory unit for storing 
management information of disk control cluster, in which, 
the channel interface unit and the disk interface unit in 
the disk control cluster directly connects to the second 
memory of the local shared memory unit in the disk control 
cluster, a first connection portion of the disk interface 
unit and the channel interface unit in the respective disk 
control cluster and the first connection portion in another 
disk control cluster are connected with each other via an 
interconnection, the global shared memory unit connects to 
the first interconnection, a second connection portion, 
where the channel interface unit and the disk interface unit 
in the disk control cluster and the first memory of the local 
shared memory unit are connected, and the second connection 
portion in another disk control cluster are connected via 
a second interconnection. 

The above-described object is further achieved by 
providing a storage system, comprising: one or a plurality 
of channel interface units having an interface with a host 
computer; one or a plurality of disk interface unit having 
an interface with a disk drive; a local shared memory unit 



having a first memory for storing data to be read from and 
written to the disk drive and a second memory for storing 
control information about data transfer between the channel 
interface unit and the disk interface unit and the first 
memory, and management information of the disk drive; a 
plurality of disk control cluster performing read/write of 
data with the channel interface unit transferring data 
between the interface of the host computer and the first 
memory in the local shared memory unit corresponding to 
read/write request of data from the host computer, and with 
the disk interface unit transferring the data between the 
first memory in the local shared memory unit and the disk 
drive; and a global shared memory unit for storing 
management information of disk control cluster, in which the 
channel interface unit and the disk interface unit in the 
disk control cluster directly connects to a second memory 
of the local shared memory unit in the disk control cluster, 
a first connection portion between the channel interface 
unit and the disk interface unit in the disk control cluster 
and the first connection portion of another disk control 
cluster are connected via a first interconnection, the 
global shared memory unit connects to the first 
interconnection, the channel interface unit and the disk 
interface unit in the disk control cluster directly connects 
to a first memory of the local shared memory unit in the disk 



control cluster, the first memory of the local shared memory 
unit in the disk control cluster and the first memory of the 
local shared memory unit in another disk control cluster are 
connected with each other via a second interconnection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a configuration of a 
storage system of Embodiment 1 according to the present 

invention ; 

FIG. 2 is a diagram showing a configuration of a 
plurality of disk controllers in a conventional type ; 

FIG. 3 is a diagram showing in detail a configuration 
of the storage system shown in FIG. 1; 

FIG. 4 is a diagram showing a configuration of a 
storage "system of Embodiment 2 according to the present 
invention ; 

FIG. 5 is a diagram showing in detail a configuration 
of the storage system of Embodiment 2 shown in FIG. 4; 

FIG. 6 is a diagram showing a configuration of a 
storage system of Embodiment 3 according to the present 
invention ; 

FIG. 7 is a diagram showing in detail a configuration 
of the storage system of Embodiment 3 shown in FIG. 6; 
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FIG. 8 is a diagram showing a configuration of a 
storage system of Embodiment 4 according to the present 
invention; 

FIG. 9 is a diagram showing in detail a configuration 
of the storage system of Embodiment 4 shown in FIG. 8; 

FIG. 10 is a diagram showing a configuration of a 
storage system of Embodiment 5 according to the present 
invention ; 

FIG. 11 is a diagram showing a configuration of a 
storage system of Embodiment 6 according to the present 
invention ; 

FIG. 12 is a diagram showing a configuration of a 
channel interface unit composing a storage system according 
to the present invention; 

FIG. 13 is a diagram showing a configuration of a disk 
interface unit composing a storage system according to the 
present invention ; 

FIG, 14 is a diagram showing another configuration of 
a channel interface unit composing a storage system 
according to the present invention; 

FIG. 15 is a diagram showing another configuration of 
a disk interface unit composing a storage system according 
to the present invention; 



FIG. 16 is a diagram illustrating a method for 
increasing disk control clusters according the present 
invention; 

FIG. 17 is a diagram showing one example of a' 
configuration status of a storage system stored in a global 
shared memory unit portion; and 

FIG. 18 is a diagram showing another example of a 
configuration status of a storage system stored in a global 
shared memory unit portion. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Hereinbelow , Embodiments of the present invention 
will be described with a reference to drawings . 

Embodiment 1- 

FIGs. 1, 3, 12 and 13 show Embodiment 1 of the present 
invention . 

In embodiment described below, an interconnection includes 
a switch as an example. However, as long as the 
interconnection transfers control information and data 
while being connected with each other, a bus, for example, 
may compose the interconnection. 

Ais shown in FIG. 1, a storage system 1 includes a plurality 
of disk control clusters 1-1 to 1-n. 



The disk control cluster 1-1 has interface portions 
(channel interface units) 11 to host computers 3, interface 
portions (disk interface units) 16 to disk drives 2, and 
local shared memory units 22. An interconnection 31 across 
the plurality of the disk control clusters 1-1 to 1-n 
connects between the channel interface units 11 and disk 
interface units 16 and the local shared memory units 22. 
Global shared memory units 21 connect with the 
interconnection 31 . 

Specifically, through the interconnection 31, the 
global shared memory unit 22 is accessible from all the 
channel interface units 11 and disk interface units 12. 
FIG. 12 shows a specific example of the channel interface 
unit 11 . 

The channel interface unit 11 has two interfaces (host 
interfaces) 202 to the host computers 3 , two microprocessors 
201 for controlling input to and output from the host 
computers 3, and an access controller (memory access . 
controller) 206 for controlling access to the global shared 
memory units 21 or the local shared memory units 22. The 
channel interface unit 11 transfers data between the host 
computer 3 and the global shared memory unit 21 or the local 
shared memory unit 22. Also, it transfers control 
information between the microprocessor 201 and the global 
shared memory unit 21 or the local shared memory unit 22. 
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An internal bus 205 connects the microprocessors 201 
and the host interfaces 202. The memory access controller 
206 directly connects to the host interfaces 202, and 
connects to the internal bus 205 also. 



FIG. 13 shows a specific example of the disk interface 
unit 16. 



The disk interface unit 16 has two interfaces (drive 
interfaces) 203 to the disk drives 2, two microprocessors 
O 201 for controlling input to and output from the disk drives 

l[lf1 3, and an access controller (memory access controller) 206 

%J 

HiiJ for controlling access to the global shared memory units 21 

m 

|[y or the local shared memory units 22. The disk interface unit 

ip 11 transfers data between the disk drives and the global 

m 

ip- shared memory units 21 or the local shared memory units 22. 

:f»»i Also/ it transfers control information between the 

'\'.^^ 

pi 

microprocessors 201 and the global shared memory units 21 
or the local shared memory units 22 . 

An internal bus 205 connects the microprocessors 201 
and the drive interfaces 203. The memory access controller 
206 directly connects to the drive interfaces 203, and 
connects to the internal bus 205 also. 



Moreover, the disk interface unit 16 performs 
execution of a RAID function. 



One disk control cluster is composed as a rack or a 
module, but it functions as a disk controller thereof . 



FIG. 3 shows a specific example of a storage system. 
A storage system 1 has a plurality of disk control clusters 
1-1 to 1-n, two global shared memory units 21 and two global 
switches (GSW) 115, access paths 136 and access paths 137. 

The global switch 115 is a connecting portion for 
connecting paths from the global shared memory units 21 and 
paths from the plurality of disk control clusters. 
The disk control clusters 1-1 to 1-n have two channel 
interface units 11 to the host computers 3, two disk 
interface unit 16 to the disk drives 2, two local switches 
(LSW) 110, two local shared memory units 22, access paths 
131, access paths 132, and access paths 136. 
The global shared memory unit 21 has a memory controller 101 
and a memory module 105, and stores management information 
of the disk control clusters 1-1 to 1-n (the management 
information herein includes, for example, information on 
storage areas which "the disk control cluster manages, 
operation status of the disk control clusters, and 
configuration information thereof) . 

The local switch 110 is a connecting portion for 
connecting paths from the channel interface units, paths 
from the disk interface units, and paths from the local 
shared memory units. The local shared memory unit 22 has the 
memory controller 100 and the memory module 105, and stores 
control information of the disk control clusters and data 
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recorded on the disk drives 2 . The control information 
includes, for example, information about data transfer 
control between the channel interface units 11 and disk 
interface units 16 and the local shared memory units 22, and 
management information of the data recorded on the disk 
drives 2 . 

The memory access controller 206 in the channel 
interface unit 11 has two access paths 131 connected 
a:3 thereto, each being connected to two different LSWs 110. 

Two access paths 132 connect with LSW 110, and each access 
path 132 connect to the memory controller 100 in the two 

Hiij 

j[y different local shared memory units 22. 

Thus, the memory controller 100 has two access paths 132 
JSJ connected thereto each from two different LSWs 110. 

By providing the above connections , there are' two 

PI 

access routes, from one memory access controller 206 to one 
memory controller 100. . 

Therefore, even if a fault has occurred to one of the access 
paths or LSW 110, an access to the local shared memory unit 
22 is still possible with another access route, thereby 
improving fault tolerance thereof. 

Total of four access paths 131 connects to LSW 110, each from 
two channel interface units 11 and two disk interface units 
16. 



Moreover^ two access paths 132 to two local shared 
memory units 22 connects to LSW 110, and one access path 136 
to the GSW 115 connects to it as well. 

The access paths described above are connected to the 
LSW 110. Thus, the LSW 110 has a function therewithin to 
direct requests from four access paths from the channel 
interface units 11 and the disk interface units 16 to two 
access paths to the local shared memory units 22 within its 
own disk control cluster, and the access path 136 to the GSW 
115 . 

To the GSW 115, there are access paths 136 connected 
thereto, one each from respective disk control cluster. A 
number of access paths 136 connected to the GSW 115 are the 
same as a number of disk control clusters. 

Two access paths 137 connects with GSW 115, each 
access path to the memory controller 101 in the two different 
global shared memory units 21. 

By providing the above connections, there are two 
access routes from one of the memory access controller 260 
to one of the memory controller 101. 

Therefore, even if a fault has occurred to one of the 
access paths, LSW 110, or GSW 115, an access to the global 
shared memory unit 21 is still possible with another access 
route, thereby improving fault tolerance thereof.. 



The access paths 136 may directly connects to the 
memory controller 101 without using the GSW 115 when 
applying the present invention. 

Whereby, it becomes possible to eliminated overhead 
of data transfer process occurred at the GSW 115, thereby 
improving the performance thereof. 

If the GSW 115 is not used, to secure two access routes 
from one of the memory access controllers 206 to one of the 
memory controller 101 and to improve fault tolerance, two 
access paths 136 connects to the LSW 110, each of access 
paths to be connected to the memory controller 101 in the 
two different global shared memory units. 

In FIG. 3, the LSW 110 is connecting the channel 
interface units 11 and disk interface units to the local 
shared memory units 22, and the GSW 115 is connecting the 
disk control clusters 1-1 to 1-n to the global shared memory 
units . 

In FIG. 3, the GSW 115 and the global shared memory 
unit 21 may be mounted in a box, and provided in one rack 
together with each of modularized disk control clusters 1-1 
to 1-n. 

Alternatively, each of the disk control clusters 1-1 
to 1-n may be distributed as a separate rack to distant 
places, which is separated from each other with some 
distance therebetween . 



With reference to FIG. 3, an example of reading data 
recorded in a storage system 1 from a host computer 3 
connected to the disk controller 1-1 will be described. 

First, the host computer 3 makes a request for reading 
of data to the channel interface unit 11 within the disk 
control cluster 1-1 connected with the host computer 3 
themselves . 

The microprocessor 201 within the channel interface 
unit 11 receives the request and accesses to the local shared 
memory unit 22 within its own disk control cluster 1-1 so 
as to check in which disk drive 2 the requested data is 
stored. 

The local shared memory unit 22 stores a conversion 
table which shows addresses that are actually recorded in 
the disk drives 2 corresponding to the address of the 
requested data . Thus , the microprocessor 201 can check which 
disk drive has the requested data therewithin. 

When the requested data exists in the disk drive 2 
connected to own disk control cluster 1-1, the 
microprocessor 201 in the channel interface unit 11, that 
received the request, accesses to the local shared memory 
unit 22 in its own disk control cluster 1-1 to check if the 
requested data is stored in the local shared memory unit 22 . 

The local shared memory unit 22 stores data to be 
stored in the disk drive 2 and directory information 



thereof, and thus, it is possible to check if the local 
shared memory unit 22 has the requested data stored therein. 

Accordingly, when the data is in the local shared 
memory unit 22 of the disk control cluster 1-1, the 
microprocessor 201 accesses to the local' shared memory unit 
22 to transfer data through its own LSW 110 to the channel 
interface unit 11, and finally to the host computer 3. 

If the data does not exists in the local shared memory 
unit 22 of its own disk control cluster 1-1, the 
microprocessor 201 in the channel interface unit 11 gives 
control information to a microprocessor 201 in a disk 
interface unit 16 connected with a disk drive 2 with the 
requested data stored therein. The control information 
contains information on how to process the data request, 
i.e., reading the requested data from the disk drive 2 and 
storing it in the local shared memory unit 22 . The 
microprocessor 201 in the disk interface unit 16 receives 
the control information, reads the data from the disk drive 
2 where the requested data is stored, and transfers the 
requested data to the local shared memory unit 22 in its own 
disk control cluster 1-1 via the LSW 110 so as to store 
therein. 

Specifically, the microprocessor 201 in the channel 
interface unit 11 issues control information showing how to 
process the above data request, and stores it into a control 



information block (job control block) in the local shared 
memory unit 22 . 

The microprocessor 201 in the disk interface unit 16 
watches the control information block of the local shared 
memory unit 22 by polling. When the issued control 
information described above exists in the above-described 
control information block (job control block), the 
microprocessor 201 in the disk interface unit 16 reads the 
data from the disk drive 2 with the requested data stored 
therein, and transfers the requested data to the local 
shared memory unit 22 in its own disk control cluster 1-1 
via the LSW 110 so as to store therein. 

After storing the requested data in the local shared 
memory unit 22 , the microprocessor 201 in the disk interface 
unit 16 informs the address in the local shared memory unit 
22 in which the data is stored to the microprocessor 201 in 
the channel interface unit 11 that issued the control 
information via the control information block in the local 
shared memory unit 22 . The microprocessor 201 in the channel 
interface unit 11 receives the information, reads the data 
from the local shared memory unit 22, and transfers it to 
the host computer 3 , 

Specifically, the microprocessor 201 in the disk 
interface unit 16 issues control information describing a 
completion of the process and the address where the data is 



stored after storing the requested data in the local shared 
memory unit 22 so as to store it into the control information 
block in the local shared memory unit 22 . The microprocessor 
201 in the channel interface unit 11, which issued the 
control information, watches the control information block 
in the local shared memory unit 22 by polling. 
If the control information issued by the microprocessor 201 
in the disk interface unit 16 exists, the microprocessor 201 
reads the data from the local shared memory unit 22 according 
to the address of the data stored in the local shared memory 
unit 22, transfers it to the channel interface unit 11, and 
further transfers to the host computer 3. 

When the disk drives 2 connected to the disk control 
cluster 1-1 does not have the requested data stored therein, 
the microprocessor 201 in the channel interface unit 11 that 
received the request accesses to the global shared memory 
unit 21 to search for a disk control cluster having a disk 
drive connected thereto with a requested data stored 
therein . 

The global shared memory unit 22 has a conversion 
table stored therein. The conversion table shows which disk 
control cluster connected to a disk drive with a requested 
data corresponds the address of the requested data, thereby 
the microprocessor 201 can search which disk control cluster 
has the requested data stored therein. 



When the disk drive 2 connected to the disk control' 
cluster 1-n has the requested data stored therein, the 
microprocessor 201 in the channel interface unit 11, which 
received the request, requests the disk control cluster 1-n 
via the global shared memory unit 21 that the requested data 
to be stored in the local shared memory unit 22 in the disk 
control cluster 1-n. 

The global shared memory unit 21 has areas for storing 
control information for exchanging data requests between 
disk control clusters, which is divided for each disk 
control cluster to which a request is sent. The 
microprocessor 201 in the channel interface unit 11, that 
receives the request, stores the control information and the 
address of the requested data in an area for storing control 
information of the disk control cluster 1-n in the global 
shared memory unit 21. The control information contains 
information on a request to store the requested data in the 
local shared memory unit 22 in the disk control cluster 1-n. 

The microprocessor 201 in the channel interface unit 
11 or the disk interface unit 16 in the disk control cluster 
1-n watches areas for storing the control information to its 
own disk control cluster in the global shared memory unit 
21 by polling. 

When the data request is within an area of the control 
information for requesting data, the microprocessor 201 in 



the channel interface unit 11 or the disk interface unit 16 
in the disk control cluster 1-n checks if the requested data 
is stored in the local shared memory unit 22 in own disk 
control cluster 1-n. 

The local shared memory unit 22 has data to be stored 
in the disk drives 2 and directory information of the data 
stored therein, and thus, it is possible to check if the 
requested data exists in the local shared memory unit 22. 

If the data exists in the local shared memory unit 22 
of its own disk control cluster 1-n, the microprocessor 201 
in the channel interface unit 11, that received the data 
request, within the disk control cluster 1-1 receives 
information, via the global shared memory unit 21, that the 
local shared memory unit 22 in the disk control cluster 1-n 
has stored the data. 

After receiving the information, the microprocessor 
201 in the channel interface unit 11 that receives data 
request within the disk control cluster 1-1 reads the 
requested data from the local shared memory unit 22 in the 
disk control cluster 1-n via the GSW 115 and the LSW 110, 
transfers it to the channel interface unit 11, and further 
transfers to the host computer 3. 

When the data does not exists within the local shared 
memory unit 22 in the disk control cluster 1-n, the 
microprocessor 201 in the channel interface unit 11 or the 



disk interface unit 16 in the disk control cluster 1-n issues 
control information to the microprocessor 201 in the disk 
interface unit 16 connected with the disk drive 2 with the 
requested data stored therein, and stores it into the 
control information block (job control block) in the local 
shared memory unit 22 . The control information contains 
information on how to process data request, i.e., reading 
the requested data and storing it in the local shared memory 
unit 22. 

The microprocessor 201 in the disk interface unit 16 
watches the control information block in the local shared 
memory unit 22 by polling. If the control information issued 
as described above exists in the above-described control 
information block (job control block) , the microprocessor 
201 in the disk interface unit 16 reads the data from the 
disk drive 2 where the requested data is stored, and 
transfers the requested data to the local shared memory unit 
22 in its own disk control cluster 1-n via the LSW 110 so 
as to store therein. 

The process thereafter is similar to the process done 
in a case where the requested data is in the above-described 
local shared memory unit 22 . 

According to the present embodiment, the host 
computer 3 can read and write data without knowing where the 
requested data is stored in a disk drive 2 connected to which 



disk control cluster, simply by issuing access request to 
the disk control cluster of its own, thereby enabling to make 
a plurality of. disk control clusters 1-1 to 1-n appear as 
one storage system to the host computer 3 . 

Moreover, it becomes possible to provide a storage 
system with a scalability whereby highly reliable and 
high-performance architecture of single disk control 
cluster can deal with a wide variety of configurations , from 
a small scale configuration with only one disk control 
cluster to super-huge configuration with several tens of 
disk control clusters connected to each other. 

Embodiment 2 

FIGs . 4, 5, 12 and 13 show Embodiment 2 according to 
the present invention. 

As shown in FIG. 4, a configuration of a storage system 
1 including a disk controlling unit 1-1 to 1-n is similar 
to a configuration of Embodiment 1 as shown in FIG. 1 except 
connection between the channel interface unit 11 and disk 
interface unit 16 and the local shared memory unit 22 and 
connection between the channel interface unit 11 and disk 
interface unit 16 and the interconnection 31. 

The channel interface unit 11 and the disk interface 
unit 16, directly connect to the local shared memory unit 
22 in the disk control cluster. The local shared memory unit 



22 is connected between a plurality of the disk control 
clusters 1-1 to 1-n via the interconnection 31, which 
connects to the global shared memory unit 21. 

As described above, in Embodiment 2, the channel 
interface unit 11 and the disk interface unit 16 directly 
connect to the local shared memory unit 22 in the disk 
control units 1-1 to 1-n, thereby an accessing time to the 
local shared memory unit 22 becomes shorter than connecting 
them via the interconnection 31 as shown in Embodiment 1. 

The configuration of the channel interface unit 11 and 
the disk interface unit 16 are similar to the configuration 
of Embodiment 1 as respectively shown in FIG. 12 and FIG. 
13. 

One disk control cluster may be composed as a. rack or 
a module, but it functions as a disk controller thereof. 

FIG . 5 shows a specific example of a storage system 

1. 

The configuration in the disk control cluster 1-lto 
1-n is also similar to Embodiment 1 as shown in FIG. 3 except 
connection of the channel interface unit 11 and disk 
interface unit 16 and the local shared memory unit 22, and 
connection between the disk control cluster 1-1 to 1-n and 
a GSW 115. 

The storage system 1 includes a plurality of disk 
control clusters 1-1 to 1-n, global shared memory units 21 



and two global switches (GSW) 115, access paths 136 and 
access paths 137. 

The disk control clusters 1-1 to 1-n include two 
channel interface units 11 to the host computers 3, two disk 
interface units 16 to the disk drives 2, two local shared 
memory units 22, access paths 133, and access paths 136. 

Two access paths 133 connect to a memory access 
controller 206 in the channel interface unit 11, each of the 
access paths 133 respectively connects to two different 
memory controllers 100. 

Thus, there are four access paths 133 connected to the 
memory controller 100, each from two channel interface units 
11 and from two disk interface units 16 . Moreover, one access 
path 136 connected to the memory controller 100 connects to 
the GSW 115. 

Because the memory controller 100 has the 
above-described access paths connected thereto, the memory 
controller. 100 has a function therewithin to direct requests 
from four access paths 133 from the channel interface units 
11 and the disk interface units 16 to the access path to the 
memory module 105 and the access path 136 to the GSW 115. 

The access paths 136 may directly connects to the 
memory controller 101 without using the GSW 115 when 
applying the present invention, similarly to Embodiment 1. 
Whereby, it becomes possible to eliminate overhead of data 



transfer process occurred at the GSW 115, thereby improving 
the performance thereof. 

If the GSW 115 is not used, to secure two access routes 
from one of the memory controllers 100 to one of the memory 
controllers 101 and to improve fault tolerance, two access 
paths 136 connects to the memory controller 100, each of 
access paths connecting with the memory controller 101 in 
the two different global shared memory units. 

Moreover, likewise to Embodiment 1, in FIG. 5, the GSW 
115 and the global shared memory unit 21 may be mounted in 
a box, and provided in one rack together with each of 
modularized disk control clusters 1-1 to 1-n. 
Alternatively, each of the disk control clusters 1-1 to 1-n 
may be distributed as a separate rack to distant places which 
is separated from each other with some distance 
therebetween . 

In the present embodiment, when reading/writing of 
data from the host computer 3 to the storage system 1, each 
units within the storage system 1 operates similarly to 
Embodiment 1 except that the channel interface unit 11 and 
the disk interface unit 16 gains direct access to the local 
shared memory unit 22, and the channel interface unit 11 and 
the disk interface unit 15 gains access to the global shared 
memory unit 21 via the memory controller 100. 
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According to the present embodiment, the host 
computer 3 can read and write data without knowing where the 
requested data is stored in a disk drive 2 connected to which 
disk control cluster, simply by issuing access request to 
the disk control cluster of its own, thereby enabling to make 
a plurality of disk control clusters 1-1 to 1-n appear as 
one storage system to the host computer 3. 

Moreover, it becomes possible to provide a storage 
system with a scalability whereby highly reliable and 
high-performance architecture of single disk control 
cluster can deal with a wide variety of configurations, from 
a small scale configuration with only one disk control 
cluster to super-huge configuration with several tens of 
disk control clusters connected to each other. 

Embodiment 3 

FIGs. 6, 7, 12 and 13 show Embodiment 3 according to 
the present invention. 

As shown in FIG. 6, a configuration of a storage system 
1 including a disk controlling units 1-1 to 1-n is similar 
to a configuration of Embodiment 1 as shown in FIG. 1 except 
connection between the channel interface unit 12 and disk 
interface unit 17 and the local shared memory unit 22. 



The channel interface unit 12 and the disk interface 
unit 17, directly connect to the local shared memory unit 
22 in the disk control cluster. 

The channel interface unit 12 and the disk interface 
units 17 are connected between a plurality of the disk 
control clusters 1-1 to 1-n via the interconnection 31 which 
connects to the global shared memory unit 21. 

As described above, in Embodiment 3, the channel 
interface unit 12 and the disk interface unit 17 directly 
connect to the local shared memory unit 22 in the disk 
control units 1-1 to 1-n, thereby an accessing time to the 
local shared memory unit 22 becomes shorter than connecting 
them via the interconnection 31. as shown in Embodiment 1. 

The configuration of the channel interface unit 12 and 
the disk interface unit 17 are similar to the configuration 
of Embodiment 1 as respectively shown in FIG. 12 and FIG. 
13, except a number of access paths of the memory access 
controller 206 is increased to four. 

Herein, of four access paths, two of them are access 
paths 131 while the rest of two are access pates 133 (see 
FIG. 7) . 

One disk control cluster may be composed as a rack or 
a module, but it functions as a disk controller thereof. 

FIG. 7 shows a specific example of a storage system 



The configuration in the disk control clusters 1-1 to 
1-n is also similar to Embodiment 1 as shown in FIG. 3 except 
connection of the channel interface units 12 and disk 
interface units 17 and the local shared memory unit 22. 

The storage system 1 includes a plurality of disk 
control clusters 1-1 to 1-n, global shared memory units 21 
and two global switches (GSW) 115, access paths 136 and 
access paths 137. 

The disk control clusters 1-1 to 1-n include two 
channel interface units 12 to the host computers 3, two disk 
interface units 17 to disk drives 2 , two local switches (LSW) 
110, two local- shared memory units 22, access paths 131, 
access paths 133, and access paths 136. 

The local switch 110 is a connecting portion for 
connecting a path from the channel interface unit and a path 
from the disk interface unit. 

Two aioo&ss paths 133 connect to a memory access 
controller 206 in the channel interface unit 12 and the disk 
interface unit 17, each of the access paths 133 respectively 
connects to two different memory controllers 100. Thus, 
there are four access paths 133 connected to the memory 
controller 100, each from two channel interface units 12 and 
from two disk interface units 17, 

Two access paths 131 connect to the memory access 
controller 206 in the channel interface unit 12 and the disk 



interface unit 17, each of the access paths 131 respectively 
connects to two different LSWs 110. Thus, there are four 
access paths 131 connected to the LSW 110, each from two 
channel interface units 12 and from two disk interface units 
17. Moreover, one access path 136 connected to the LSW 110 
connects to the GSW 115. 

The access paths 136 may directly connect to the 
memory controller 101 without using the GSW 115 when 
applying the present invention, similarly to Embodiment 1. 
Whereby, it becomes possible to eliminate overhead of data 
transfer process occurred at the GSW 115, thereby improving 
the performance thereof. If the GSW 115 is not used, to 
secure two access routes from one of the LSW 110 to one of 
the memory controllers 101 and to improve fault tolerance, 
two access paths 136 connects to the LSW 110, each of access 
paths connecting with different memory controller 101. 

Moreover, likewise to Embodiment 1, in FIG. 7, the GSW 
115 and the global shared memory unit 21 may be mounted in 
a box, and provided in one rack together with each of 
modularized disk control clusters 1-1 to 1-n. 
Alternatively, each of the disk control clusters 1-1 to 1-n 
may be distributed as a separate rack to distant places which 
is separated from each other with some distance 
therebetween . 



In the present embodiment, when reading/writing of 
data from the host computer 3 to the storage system 1, each 
units within the storage system 1 operates similarly to 
Embodiment 1 except that the channel interface unit 12 and 
the disk interface unit 17 gains direct access to the local 
shared memory unit 22 . 

According to the present embodiment the host 
computer 3 can read and write data without knowing where the 
requested data is stored in a disk drive 2 connected to which 
disk control cluster, simply by issuing access request to 
the disk control cluster of its own, thereby enabling to make 
a plurality of disk control clusters 1-1 to 1-n appear as 
one storage system to the host computer 3 . 

Moreover, it becomes possible to provide a storage 
system with a scalability whereby highly reliable and 
high-performance architecture of single disk control 
cluster can deal with a wide variety of configurations, from 
a small scale configuration with only one disk control 
cluster to super-huge configuration with several tens of 
disk control clusters connected to each other. 

Embodiment 4 

FIGs 8, 9, 12, and 13 show Embodiment 4 according to 
the present invention. 



As shown in FIG. 8, a configuration of a storage system 
1 including disk controlling units 1-1 to 1-n is the. same 
as the configuration of Embodiment 1 without a local shared 
memory unit 22 . 

Because there is no local shared memory unit 22, the 
global shared memory unit 21 stores all the information that 
is stored in the local shared memory unit 22 of each disk 
control unit 1-1 to 1-n of Embodiment 1. 

The channel interface unit 11 and the disk interface 
units 16 are connected between a plurality of the disk 
control clusters 1-1 to 1-n via the interconnection 31 which 
connects to a global shared memory unit 21. 

The configuration of the channel interface unit 11 and 
the disk interface unit 16 are similar to the configuration 
of Embodiment 1 as respectively shown in FIG. 12 and FIG. 
13. 

One disk control cluster may be composed as a rack or 
a module, but it functions as a disk controller thereof, 
FIG. 9 shows a specific example of a storage system 

1. 

The configuration in the disk control clusters 1-lto 
1-n is also similar to Embodiment 1 as shown in FIG. 3 except 
that there is no local shared memory unit 22 . 

The storage system 1 includes a plurality of disk • 
control clusters 1-1 to 1-n, global shared memory units 21, 



two global switches (GSW) 115, access paths 136 and access 
paths 137. 

The disk control clusters 1-1 to 1-n include two 
channel interface unit 11 to the host computers 3, two disk 
interface unit 16 to the disk drives 2, two local switches 
(LSW) 110, access paths 131, and access paths 136. 

The local switch 110 is a connecting portion for 
connecting a path from the channel interface unit with a path 
from the disk interface unit. 

Two access paths 131 connect to a memory access 
controller 206 in the channel interface unit 11 and the disk 
interface unit 16, each of the access paths 131 respectively 
connects to two different LSWs 110. 

Thus, there are four access paths 131 connected to the 
LSW 110, each from two channel interface units 11 and from 
two disk interface units 16. 

Moreover, one access path 136 connected to the LSW 110 
connects to the GSW 115. 

The access paths 136 may directly connect to the 
memory controller 101 without using the GSW 115 when 
applying the present invention, similarly to Embodiment 1. 
Whereby, it becomes possible to eliminate overhead of data 
transfer process occurred at the GSW 115, thereby improving 
the performance thereof. 
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If the GSW 115 is not used, to secure two access routes 
from one of the LSW 110 to one of the memory controllers 101 
and to improve fault tolerance, two access paths 136 
connects to the LSW 110, each of access paths connecting with 
different memory controllers 101. 

Moreover, likewise to Embodiment 1, in FIG. 9, the GSW 
115 and the global shared memory unit 21 may be mounted in 
a box, and provided in one rack together with each of 
modularized disk control clusters '1-1 to 1-n. 

9 

Alternatively, each of the disk control clusters 1-1 to 1-n 
'i^J may be distributed as a separate rack to distant places which 

W is separated from each other with some distance 

ip therebetween . 

Ip In the present embodiment, when reading/writing of 

'is? 

fi:;|i data from the host computer 3 to the storage system 1, each 

units withxn the storage system 1 operates similarly to 
Embodiment 1 except that all the process performed at the 
local shared memory unit 22 in Embodiment 1 is performed at 
the global shared memory unit 21. 

According to the present embodiment, the host 
computer 3 can read and write data without knowing where the 
requested data is stored in a disk drive 2 connected to which 
disk control cluster, simply by issuing access request to 
"the disk control cluster of its own, thereby enabling to make 



a plurality of disk control clusters 1-1 to 1-n appear as 
one storage system to the host computer 3 . 

Moreover, it becomes possible to provide a storage 
system with a scalability whereby highly reliable and 
high-performance architecture of single disk control 
cluster can deal with a wide variety of configurations, from 
a small scale configuration with only one disk control 
cluster to super-huge configuration with several tens of 
disk control clusters connected to each other. 

Embodiment 5 

FIG. 10 shows Embodiment 5 according to the present 
invention . 

Hereinbelow, Embodiment 5 employed interconnection 
using switches. Alternatively, however, the 
interconnection may be composed of a bus, for example, as 
long as they are connected each other and transfers control 
information and data . 

As shown in FIG. 10, a plurality of disk control 
clusters 1-1 to 1-n makes up a storage system 1. 

The disk control clusters 1-1 to 1-n has interfaces 
with host computers 3 (channel interface unit) 13, 
interfaces with disk drives 2 (disk interface unit) 18, 
local shared memory units 22 having memory 1:25 and 2:26. 
The channel interface unit 13 and the disk interface unit 



18 directly connect to the memory 2 inside the disk control 
cluster . 

An interconnection 1:32 across the plurality of the 
disk control clusters 1-1 to 1-n connects between the 
channel interface units 13 and the disk interface units 18. 
Global shared memory units 21 connect with the 
interconnection 1:32. Specifically, through the 
interconnection 1:32, the global shared memory unit 22 is 
accessible from all the channel interface units 13 and disk 
interface units 18. 

An interconnection 2:33 across the plurality of the 
disk control clusters 1-1 to 1-n connects the channel 
interface units 13 and the disk interface units 18 and the 
memory 1 . 

FIG. 14 shows a specific example of the channel 
interface unit 13. 

The channel interface unit 13 has two interfaces (host 
interface) 202 to the host computers 3, two microprocessors 
201 for controlling input to and output from the host 
computers 3, an access controller 1 (memory access 
controller) 207 for controlling access to the global shared 
memory unit 21 or memory 2:26, an access controller 2 (memory 
access controller 2) 208 for controlling access to memory 
1:25. The channel interface unit 13 transfers data between 
the host computer 3 and the memory 1. Also, it transfers 



control information between the microprocessor 201 and the 
global shared memory unit 21 or the memory 2. An internal 
bus 205 connects the microprocessors 201 with the host 
interfaces 202, and the memory access controller 207 
connects to the internal bus 205. The memory access 
controller 208 directly connects to the host interfaces 202 , 
and connects to the internal bus 205. 

FIG. 15 shows a specific example of the disk interface 
unit 18.' 

The disk interface unit 18 has two interfaces (drive 
interface) 203 to-the disk drives 2, two microprocessors 201 
for controlling input to and output from the disk drives 2 , 
and an access controller 1 (memory access controller 1) 207 
for controlling access to the global shared memory unit 21 
or the memory 2, and an access controller 2 (memory access 
controller 2) 208 for controlling access to the memory 1. 
The disk interface unit 18 transfers data between the disk 
drives 2 and the memory 1. Also, it transfers control 
information between the microprocessor 201 and the global 
shared memory unit 21 or the memory 2. 

An internal bus 205 connects the microprocessors 201 
and the drive interfaces 203. The memory access controller 
207 connects to the internal bus 205. The memory access 
controller 208 directly connects to two drive interfaces 
203, and connects to the internal bus 205 also. 
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Moreover, the disk interface unit 18 perforins 
execution of a RAID function. 

One disk control cluster is composed as a rack or a 
module, but it functions as a disk controller thereof. 

A specific example of the storage system has the 
similar configuration as Embodiment 3 as shown in FIG. 7 in 
terms of a connecting configuration of the channel interface 
unit 13 and the disk interface unit 18 and the memory 2:26, 
the interconnection 1:32, and the global shared memory unit 



Moreover, a connecting configuration of the channel 
interface unit 13 and the disk interface unit 18, and the 
memory 1 and the interconnection 2:33 is a configuration of 
Embodiment 1 as shown in FIG. 3 except that the global shared 
memory unit 21 is removed therefrom ^ 

The global shared memory unit 21 stores management 
information of the disk control clusters 1-1 to 1-n (the 
management information herein includes, for example, 
information on storage areas which the disk control cluster 
manages, operation status of the disk control clusters, and 
configuration infonnation thereof) . 

The memory 1 temporarily stores data to be recorded 
in the disk drive 2 . 

The memory 2 stores control information of the disk 
control cluster (the control information, for example, is 



information about data transfer control between channel 
interface units 13 and disk interface units 18 and the memory 
1:25, and management information of the data to be stored 
in the disk drive 2) 

In FIG. 10, switches outside the disk control cluster 
that forms the interconnection 1:32, switches outside the 
disk control cluster that forms the interconnection 2:33, 
and the global shared memory unit 21 may be mounted on a box, 
and each of modularized disk control clusters 1-1 to 1-n 
along therewith may be mounted in one rack. Moreover, each 
of the disk control cluster 1-1 to 1-n may be distributed 
to different place as a separate rack, each place separates 
away from each other. 

With reference to FIG. 10, an example of reading data 
recorded in a storage system 1 from- a host computer 3 
connected to the disk controller 1-1 will be described. 

First, the host computer 3 makes a request for reading 
of data to the channel interface unit 13 within the disk 
control cluster 1-1 connected with the host computer 3 
themselves. 

The microprocessor 201 within the channel interface 
unit 13 receives the request and accesses to the memory 2:26 
within its own disk control cluster 1-1 so as to check in 
which disk drive 2 the requested data is stored. 
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The memory 2:26 stores a conversion table which shows 
addresses that are actually recorded in the disk drives 2 
corresponding to the address of the requested data. Thus, 
the microprocessor 201 can check which disk drive has the 
requested data stored therewithin. 

When the requested data exists in the disk drive 2 
connected to own disk control cluster 1-1, the 
microprocessor 201 in the channel interface unit 13, that 

U 

iP received the request, accesses to the memory 2:26 in its own 

Ci 

01 disk control cluster 1-1 to check if the requested data is 

jinf stored in the memory 1:25. 

Ifiy The memory 2:26 stores directory information of data 

ipjl Stored in the memory 1:25 and thus, it is possible to check 

if«!| if the memory 1:25 has the requested data stored therein. 

Accordingly, when the data is in the memory 1:25 in 
the disk control cluster 1-1, the data is transferred to the 
channel interface unit 13, and finally to the host computer 
3. 

If the data does not exists in the memory 1:25 in its 
own disk control cluster 1-1, the microprocessor 201 in the 
channel interface unit 13 gives control information to a 
microprocessor 201 in a disk interface unit 18 connected 
with a disk drive 2 with the requested data stored therein. 
The control information contains information on how to 
process the data request, i.e. , reading the requested data 



and storing it in the memory 1:25. The microprocessor 201 
in the disk interface unit 18 receives the control 
information, reads the data from the disk drive 2 where the 
requested data is stored, and transfers the requested data 
to the" memory 1:25 in its own disk control cluster 1-1 so 
as to store therein. 

Specifically, the microprocessor 201 in the channel 
interface unit 13 issues control information showing how to 
process the above data request, and stores it in the control 
information block (job control block) of the memory 2:26. 

The microprocessor 201 in the disk interface unit 18 
watches the control information block of the memory 2:26 by 
polling. When the issued controlled information described 
above exists in the above-described control information 
block (job control block) , the microprocessor 201 in the 
disk interface unit 18 reads the data from the disk drive 
2 with the requested data stored therein, and transfers the 
requested data to the memory 1:25 in its own disk control 
cluster 1-1 so as to store therein. 

After storing the requested data in the memory 1:25, 
the microprocessor 201 in the disk interface unit 18 informs 
the address in the memory 1:25 in which the data is stored 
to the microprocessor 201 in the channel interface unit 13 
that issued the control information via the control 
information block in the memory 2:26. The microprocessor 201 



in the channel interface unit 13 receives the information, 
reads the data from the memory 1:25, and transfers it to the 
host computer 3 . 

Specifically, the microprocessor 201 in the disk 
interface unit 18 issues control information describing a 
completion of the process and the address where the data is 
stored after storing the requested data in the memory 1:25 
so as to store in the control information block of the local 
shared memory unit 2:26. The microprocessor 201 in the 
channel interface unit 13, which issued the control 
information, watches the control information block in the 
memory 2:26 by polling. 

If the control information issued by the 
microprocessor 201 in the disk interface unit 18 exists, the 
microprocessor 201 in the channel interface 13 reads the 
data from the memory 1:25 according to the address of the 
data stored in the memory 1:25, transfers it to the channel 
interface unit 13, and further transfers to the host 
computer 3 . 

When the disk drive 2 connected to the disk control 
cluster 1-1 does not have the requested data stored therein, 
the microprocessor 201 in the channel interface unit 13 that 
received the request accesses to the global shared memory 
unit 21 via the interconnection 1:32 to search for a disk 



control cluster having a disk drive 2 with a requested data 
stored therein connected thereto. 

The global shared memory unit 21 has a conversion 
table stored therein. The conversion table shows which disk 
control cluster connected to a disk drive with a requested 
data corresponds the address of the requested data, thereby 
the microprocessor 201 can search which disk control cluster 
has the requested data stored therein. 

When the disk drive 2 connected to the disk control 
cluster 1-n has the requested data stored therein, the 
microprocessor 201 in the channel interface unit 13, which 
received the request, requests the disk control cluster 1-n 
via the global shared memory unit 21 that the requested data 
to be stored in the memory 1:25 in the disk control cluster 
1-n. 

The global shared memory unit 21 has areas for storing 
control information for exchanging data requests between 
disk control clusters, which is divided for each disk 
control cluster to which a request is sent. The 
microprocessor 201 in the channel interface unit 13, that 
receives the request, stores the control information and the 
address of the requested data in an area of the disk control 
cluster 1-n in the global shared memory unit 21. The control 
information contains information on a request to store the 



requested data in the memory 1 : 25 of the disk control cluster 
1-n. 

The microprocessor 201 in the disk interface unit 18 
in the disk control cluster 1-n watches 'the request areas 
to its own disk control cluster in the global shared memory 
unit 21 by polling. 

When the data request is within the request areas 
where the control information for requesting data is stored, 
whether or not the requested data is stored in the memory 
1:25 in own disk control cluster 1-n is checked 

The memory 2:26 has directory information of the data 
stored in the memory 1:25, and thus, it is possible to check 
if the requested data exists in the memory 1:25. 

If the data exists in the memory 1:25 of its own disk 
control cluster 1-n, the microprocessor 201 in the channel 
interface unit 13, that received the data request, within 
the disk control cluster 1-1 receives information, via the 
global shared memory unit 21, that the memory 1:25 in the 
disk control cluster 1-n has stored the data. 

After receiving the information, the microprocessor 
201 in the channel interface unit 13 that received data 
request within the disk control cluster 1-1 transfers the 
requested data from the memory 1:25 in the disk control 
cluster 1-n via the interconnection 2:33, and further 
transfers to the host computer 3. 
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When the data does not exists within the memory 1:25 
of the disk control cluster 1-n, the microprocessor 201 in 
the ''disk interface unit 18 of the disk control cluster 1-n 
issues control information to the microprocessor 201 in the 
disk interface unit 18 connected with the disk drive 2 with 
the requested data stored therein, and stores it in the 
control information block (job control block) of the memory 
2:26. The control information contains information on how 
CI to process data request, i.e., reading the requested data 

a 

W'i and storing it in the memory 1:25. 

''...5 

ly The microprocessor 201 in the disk interface unit 18 

IfilJ watches the control information block in the memory 2:26 by 

iP polling. If the control information issued as described 

iriri 

- above exists in the above-described control information 

'"4 

block (job control block), the microprocessor 201 in the 
disk interface unit 18 reads the data from the disk drive 
2 where the requested data is stored, and transfers the 
requested data to the memory 1:25 in its own disk control 
cluster 1-n via the interconnection 2:33 to store. 

The process thereafter is similar to the process done 
in a case where the requested data is in the above-described 
memory 1:25. 

Data lengths of the control information and the data 
are different by several thousands times, thereby time of 
one data transfer is greatly different. Therefore, when 



using the same interconnection and the memory, both of them 
interfere with transfer from each other. In the present 
embodiment, the interconnection 1:32 for transferring the 
control information and the interconnection 2:33 for 
transferring the data are separated, thereby not 
interfering each other's transfer, thus enabling to improve 
performance . 

« 

Embodiment 6 

FIG. 11 shows Embodiment 6 according to the present 
invention . 

As shown in FIG. 11, a configuration of a storage 
system 1 including a disk controlling unit 1-1 to 1-n is 
similar to a configuration of Embodiment 5 as shown in FIG. 
10 except connection between the channel interface unit 13 
and disk interface unit 18 and the memory 1:25 and the 
interconnection 2:33. 

The channel interface unit 13 and the disk interface 
unit 18, directly connect to the memory 1:25 in the disk 
control cluster. The memories 1:25 are connected between a 
plurality of the disk control clusters 1-1 to 1-n via the 
interconnection 2:33. 

As described above, in Embodiment 6, the channel 
interface unit 13 and the disk interface unit 18 directly 
connect to the memory 1:25 in the disk control units 1-1 to 
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1-n, thereby an accessing time to the memory 1:25 becomes 
shorter than connecting them via the interconnection 2:33 
as shown in Embodiment 5 , 

The configurations of the channel interface unit 13 
and the disk interface unit 18 are similar to the 
configurations thereof in Embodiment 5 as respectively 
shown in FIG. 14 and FIG. 15. 

One disk control cluster may be composed as a rack or 

C3 a module, but it functions as a disk controller thereof. 

O 

if'l A connecting configuration for the channel interface 
'"4 

Hiij unit 13 and the disk interface unit 18 and the memory 2:26 

ify and the interconnection 1:32 and the global shared memory 

ip unit 21 in a specific example of the storage system 1 is 
similar to that of Embodiment 3 as shown in FIG. 7. A 

sf:S connecting configuration of the channel interface unit 13 

I[M 

and the disk interface unit 18 and the memory 1:25 and the 
interconnection 2:33 are similar to the configuration of 
Embodiment 2 as shown in FIG. 5 except that the global shared 
memory unit 21 is removed therefrom. 

The global shared memory unit 21 stores management 
information of disk control clusters 1-1 to 1-n (the 
management information, for example, is information about 
storage areas each disk control cluster manages, and 
operation status and configurations information of the disk 
control clusters) . 
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The memory 1 :25 temporarily stores data to be recorded 
in disk drives 2. Moreover, the memory 2:26 stores control 
information of the disk control cluster (the control 
information, for example, is information about data 
transfer control between the channel interface units 13 and 
disk interface units 18 and the memory 1:25, and management 
information of the data to be stored in the disk drives 2) . 

In FIG. 11, switches outside the disk control cluster 
that forms the interconnection 1:32, switches outside the 
disk control cluster that forms the interconnection 2:33, 
and the global shared memory unit 21 may be mounted on a box, 
and each of modularized disk control clusters 1-lto 1-n 
along therewith may be mounted in one rack. Moreover, each 
of the disk control cluster 1-1 to 1-n may be distributed 
to different place as a separate rack, each place separates 
away from each other. 

In the present embodiment, when reading/writing of 
data from the host computer 3 to the storage system 1 , each 
units within the storage system 1 operates similarly to 
Embodiment 5 except that the channel interface unit 13 and 
the disk interface unit 18 gains direct access to the memory 
1:25, and the channel interface unit 13 and the disk shared 
memory unit 18 gains access to the memory 1:25 of another 
disk control cluster via the memory controller (not shown) 
in the memory 1:25. 
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Data lengths of the control information and the data 
are different by several thousands times, thereby time of 
one data transfer is greatly different. Therefore, when 
using the same interconnection and the memory, both of them 
interfere with transfer from each other. In the present 
embodiment, the interconnection 1:32 for transferring the 
control information and the interconnection 2:33 for 
transferring the data are separated, thereby not 
interfering each other's transfer, thus enabling to improve 
performance . 

Embodiment 7 

FIGs. 16 to 18 show one example of an increase process 
of the disk control cluster in the storage system 1 of 
Embodiment 1 . 

As shown in FIG. 16, a switch box 310 is mounted as 
a separate rack. 

A GSW 115 and global shared memory units 21 are mounted 
in the switch box 310. 

The switch box 310 has eight connectors 321 and eight 
connectors 322, and eight disk control clusters can be 
connected. The figures show a case where the three disk 
control clusters are connected. 

Each of access paths 136 of the GSW 115 connects to 
the connectors 321 and 322. A number for connectors 



described above is only an example, and not limited thereto. 
Each disk control cluster 1-1 to 1-3 is respectively mounted 
on racks 301 to 303. The racks 301 to 303 have connectors 

321 and 322, and two access paths 136 connects respectively 
to the connectors 321 and 322. 

Via cables 331 and 322, respective connectors 321 and 

322 connects switch box 301 with the racks 301 to 303. 

When increasing the disk control cluster in the 
storage system 1, the following process is performed. If 
there are extra connectors for increasing disk control 
clusters in the switch box 310, the cables 331 and 332 
connect with the extra connectors . 

If there are no extra connector, the switch box with' 
the GSW mounted thereon is prepared, and the switch box 
connect in multiple layers, where connectors thereof 
connect to cables 331 and 332. 

FIG. 17 shows a corresponding table 400 between a GSW 
port and a cluster number, which shows disk control cluster 
connecting to a GSW 115 port, i.e., disk control cluster 
comprising the storage system 1. FIG. 18 shows a 
corresponding table 405 between a cluster number and logical 
volume numbers, which shows logical volumes that the disk 
control clusters manage. Along with the above-describe step 
for connecting each part accordingly, the corresponding 
tables 400 and 405 are rewritten. 
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The global shared memory unit 21 stores the 
corresponding table 400 between a GSW port and a cluster 
number and the corresponding table 405 between a cluster 
number and logical volume numbers, and a service processor 
(SVP) can rewrite the tables. 

. The SVP, in many instances, is note-type personal 
computer. The note-type personal computer displays the 
tables shown in FIG. 17 and FIG. 18, respectively, on the 
screen, and rewrites the content of the table on while being 
displayed thereon . 

FIGs. 17 and 18 shows corresponding tables between a 
GSW port and a cluster number 400 and between a cluster 
number and logical volume numbers 405, respectively before 
and after an increase of the disk control cluster. Herein, 
five disk control clusters consists the storage system 1 
before an increase thereof, and one more disk cluster is 
added thereto , 

As shown in FIG. 17, the fourth port of the GSW port 
number 401 is not connected. A cable of cluster 5 connects 
to No. 4 port, and thereafter, a corresponding column of the 
cluster number 402 in a row for port number 4 is re-written 
from ^^not connected" to ^^5" on the SVP ' s display. 

Thereafter, as shown in FIG. 18, the logical volume 
number 406 corresponding to the cluster number 5 of the 
cluster number 402 is rewritten from ^^not connected" to 
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^'16640 to 20735". Herein, the logical volume number 406 
shows a range of logical volumes that each cluster manages. 

Before increasing, the maximum of the logical volume 
number is 16639, and the increased disk control cluster has 
4096 logical volume. Thus, a range of the logical volumes 
that the disk control cluster 5 manages is 16640 to 20735. 
A niomber of logical volumes do not have to be continuous. 

As described above, a new disk control cluster may be 
increased to the storage system. 

According to the present invention, a disk control 
cluster has: one or a plurality of channel interface units 
for interfacing with host computers; one or a plurality of 
disk interface units for interfacing with disk drives ; local 
shared memory units for storing data to be read out of or 
writteh to the disk drives and control information about 
data transfer and management information of the disk drives ; 
and a first connection portion where the channel interface 
unit and disk interface unit and the local shared memory unit 
connect thereto. In response to a data read/write request 
from the host computer, the channel interface unit transfers 
data between the interface to the host computer and the local 
shared memory unit. The disk interface unit transfers data 
between the disk drives and the local shared memory unit. 
The first connection portion of the disk control cluster has 
a connecting path to a second connection portion where a 



global shared memory unit connects to, the global shared 
memory unit being for storing management information of the 
disk control clusters. 

According to the present invention, a disk control 
cluster has: one or a plurality of channel interface units 
for interfacing with host computers; one or a plurality of 
disk interface units for interfacing with disk drives; and 
local shared memory units for storing management 
information of the disk drive, control information about 
data transfer, and data to be read out of and written to the 
disk drives. 

The channel interface units and the disk interface units has 
connected to the local shared memory units. In response to 
a data read/write request from the host computer, the 
channel interface unit transfers data between the interface 
to the host computer and the local shared memory unit. The 
disk interface unit transfers data between the disk drives 
and the local shared memory unit. The local shared memory 
unit in the disk control cluster has a connecting path to 
a second connection portion where a global shared memory 
unit connects to, the global shared memory unit being for 
storing management information of the disk control 
clusters . 

According to the present invention, a storage system 
including a plurality- of disk control clusters and global 



shared memory units for storing management information of 
the disk control clusters, the disk control clusters having 
one or a plurality of channel interface units for 
interfacing with host computers; one or a plurality of disk 
interface units for interfacing with disk drives; local 
shared memory units for storing management information of 
the disk drive, control information about data transfer, and 
data to be read out of and written to the disk drives; and 
a first connection portion where the channel interface units 
and disk interface units and the local shared memory units 
connect thereto, in which the channel interface unit and the 
disk interface unit connected the local shared memory units, 
in response to a read/write request of data from the host 
computer, the channel interface unit transfers data between 
the interface to the host computer and the local shared 
memory units and the disk interface unit transfers data 
between the disk drives and the local shared memory units, 
the global shared memory unit having connected to a second 
connection portion by a connecting path, and the first 
connection portion of the disk control clusters connecting 
to the second connection portion via connecting paths . 

According to the present invention, an increase 
method of a disk control cluster is characterized in that 
in a storage system including a plurality of disk control 
clusters and global shared memory units for storing 



management information of the disk control clusters , the 
disk control clusters having one or a plurality of channel 
interface units for interfacing with host computers; one or 
a plurality of disk interface units for interfacing with 
disk drives; local shared memory units for storing 
management information of the disk drives, control 
information about data transfer, and data to be read out of 
and written to the disk drives; and a first connection 
portion where the channel interface unit and disk interface 
unit and the local shared memory unit connect thereto, in 
which the channel interface unit and the disk interface unit 
connected the local shared memory units in response to a 
read/write request. of data from the host computer, the 
channel interface unit transfers data between the interface 
to the host computer and the local shared memory units and 
the disk interface unit transfers data between the disk 
drives and the local shared memory units, the global shared 
memory unit having connected to a second connection portion 
by connecting paths, and the first connection portion of the 
disk control clusters connecting to the second connection 
portion via connecting paths, the increase method including 
steps of: providing one or more first connectors connecting 
with the first connection portion to a rack having each of 
the disk control clusters mounted thereon; providing one or 
more second connectors connecting with the second 



connection portion to a rack having the second connection 
portion for connecting the global shared memory units and 
the global shared memory unit mounted thereon; and 
connecting the first connector of each of the disk control 
clusters comprising the storage system to the second 
connector via connecting paths, in which when increasing a 
disk control cluster to a storage system, the first 
connector of an increased disk control cluster is connected 
to the second connector by the connecting path. 

-In the increase method of the disk control cluster 
described above, the global shared memory units stores a 
first table showing whether or not the disk control cluster 
connects to the second connector having the second 
connecting portion, and a second table showing storage areas 
which the disk control cluster connected with the second 
connector manages, and as a disk control cluster increases, 
valid information regarding the increased disk control 
cluster is added to the first and second tables . 

According to the present invention, it is possible to 
provide a storage system with a configuration of a desirable 
scalability. Therefore, with an architecture of high 
reliability and high-performance of the disk control 
cluster can deal with a wide range of configurations from 
a small scale configuration with one disk control cluster 
to a super huge configuration with tens of disk control 
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clusters connected therein, in the storage system operating 
a plurality of disk control clusters as one system. 
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